RESEARCH
N ative plant species are in demand because of federal policies related to invasive species, conservation plantings, and farm programs (Federal Register, 1999 . In the northeastern United States, the Conservation Reserve Enhancement Program (CREP), a federal farm conservation program, is an important eff ort to protect riparian zones to improve water quality, reduce soil erosion, and increase wildlife habitat (Allen, 2005) . Because of the nature of riparian areas, native plants used in CREP plantings must be able to withstand seasonally wet soils.
Virginia wildrye (Elymus virginicus L.), a perennial cool-season grass native to eastern North America, grows along streams, forest margins, and in other moist sites (Pohl, 1947; Hitchcock, 1971) . Wildrye is classifi ed as a facultative wetland plant with medium tolerance to anaerobic conditions (USDA-NRCS, 2009 ). It is used in conservation plantings such as vegetative buff ers and fi lters and for wildlife habitat (Davis et al., 2002) . Virginia wildrye has been evaluated in the northeastern United States for yield, persistence, morphology, and nutritive value as forage (Sanderson et al., 2004a, b) . Virginia wildrye performed better on a deep soil in New York compared with shallow or sandy soils in Pennsylvania and Maryland, respectively wildrye compared with that of orchardgrass (Dactylis glomerata L.); however, orchardgrass was much more productive and persistent. It was concluded that Virginia wildrye would be better suited for conservation plantings than for forage when used in the northeastern United States. Research in the midwestern United States indicated that Virginia wildrye was less productive than Canada wildrye (Elymus canadensis L.; Vogel et al., 2006) . Programs such as CREP have created a need for more information on the suitability of locally adapted native grasses for the northeastern United States. The USDANatural Resources Conservation Service (NRCS) has released Virginia wildrye germplasm from Missouri and Georgia (Davis et al., 2002) . The only commercially available cultivar of Virginia wildrye, 'Omaha', originates from private midwestern germplasm (Vogel et al., 2006) . We could not fi nd any research information on the use of Virginia wildrye in conservation plantings, especially in wet soils, in the northeastern United States. Our objective was to evaluate several northeastern populations of Virginia wildrye for persistence and growth in riparian areas. In previous studies, we evaluated Virginia wildrye as potential forage species in plot trials on well-drained productive soils (Sanderson et al., 2004a, b) . In this experiment, we evaluated Virginia wildrye on sites that would qualify for inclusion in the CREP program. Vogel et al., 2005) 212-5, Laurentian mixed forest province, hardiness zone 5]. The creek fl oods periodically after storms and during spring melt but also dries up during summer drought. Soil is a Papakating silt loam (fi nesilty, mixed, nonacid, mesic Mollic Fluvaquents). Examination of soil borings to a 1-m depth showed redoximorphic features indicating a seasonally high water table that comes near the surface at times. We placed two blocks of plots on the north bank and two blocks on the south bank of the creek.
MATERIALS AND METHODS
The Pennsylvania site was in the Ridge and Valley Physiographic Province near Klingerstown (41.5° N, 77.1° W, 270 m asl; PAR M221-6, Central Appalachian broadleaf forest-coniferous forest-meadow province; hardiness zone 6). We installed plots on a south-facing slope near the channel of an ephemeral fi rst-order stream at the headwaters of the watershed on a somewhat poorly drained Albrights (fi ne-loamy, mixed, semiactive, mesic Aquic Fragiudalf ) and Berks shaly silt loam (loamy-skeletal, mixed, active, mesic Typic Dystrudepts, 15-25% slopes) soil. Examination of soil borings to a 1-m depth did not reveal redoximorphic features in the Berks soil, whereas the Albrights soil had distinctive redoximorphic features at several depths.
Portions of the site remained saturated with water at the surface during winter and periods of high rainfall, but the water table could fall below 2.5 m during summer drought. Water fl owed infrequently through the channel.
The Maryland site was at the University of Maryland Wye Research Center on the eastern shore near Queenstown (38.5° N, 76.1° W, 5 m asl; PAR 232-7, Outer coastal mixed plain province, hardiness zone 7). We established plots on a gently sloping site (~3% slope east-west) in a Mid-Atlantic Coastal wetland soil (Mattapex-Bultertown silt loams; fi ne-silty, mixed, active, mesic Aquic Hapludults) about 350 m from an inlet of the Chesapeake Bay and less than 1 km from the Wye River, a tributary of the Chesapeake Bay. Soil borings to a 1-m depth showed distinct redoximorphic features throughout the soil profi le. Standing water occurred frequently at the bottom of the plots.
We generated six populations of Virginia wildrye by collecting surviving plants from two USDA-NRCS accessions grown in forage plot studies at Big Flats, NY, Rock Springs, PA, and Beltsville, MD, during 2000 to 2002 (Sanderson et al., 2004a) . The group of surviving plants (genotypes) of each accession from each location was considered a population. The two accessions were #9085141 [originally collected in Montgomery County, MD, (PAR 232-7) in 1998] and #9051786 [originally collected in Chemung County, NY, (PAR 212-5) by USDA-NRCS plant materials specialists in 1999]. These were among the most persistent and vigorous accessions evaluated at the three locations (Sanderson et al., 2004a) . We dug up the surviving plants for each population in May 2003 and propagated them in the greenhouse. We randomly selected fi ve genotypes from each population and generated enough ramets for evaluation at the three sites. For checks, we started plants from seed of a commercial Virginia wildrye ecotype (PA ecotype; Ernst Conservation Seeds, Meadville, PA) and cultivar ('Omaha'; Stock Seed Farm, Murdock, NE).
The existing grass sod at each site was killed with glyphosate [N-(phosphonomethyl) glycine] and the dead vegetation clipped and removed. We hand transplanted the six populations and two commercial sources into the killed sod at each site in May 2004. Single-row plots consisted of 15 individuals from a population with a border plant (the PA ecotype) at each end. We randomly assigned the fi ve genotypes from each population within three landscape positions (top, mid, and bottom slope) perpendicular to the slope (Fig. 1) . Border rows of the PA ecotype alternated with rows of the populations and commercial sources. Plants were spaced 30 cm apart within rows and rows were spaced 30 cm apart. Plots were hand weeded after establishment in 2004 and at least once in 2005. Otherwise, we did not weed, fertilize, or apply herbicides.
Accumulated biomass was removed and discarded in October or November of 2004, 2005, and 2006 by cutting plots to a 7-cm height. Plots were harvested and data collected on plant survival and size in June 2007. Individual plants were cut to a 5-cm stubble height, placed into paper bags, dried at 55°C, and weighed, and the number of tillers of each plant was counted. The number of surviving plants in June 2007 was used to quantify persistence.
The experiment was a randomized complete block design with four blocks at each site. Blocks were considered random eff ects. Sites and the eight entries (six populations, a commercial diff erent landscape positions varied with location ( Fig. 2) . At Maryland, survivorship decreased from 91% at the top to 44% at the bottom slope position, whereas survivorship was similar at all landscape positions (average of 75%) at New York and Pennsylvania.
The 9051786 population from Maryland (9051786M) had signifi cantly more tillers per plant than other populations (with the exception of 9051786P) and the checks ( Table 2) . The 9051786M population also had signifi cantly greater dry matter per plant than 9085141M, 9085141P, and 9051786N but did not diff er from other populations and the checks. The site × landscape position interaction for the number of cultivar, and an ecotype) were considered fi xed eff ects. Data on survivorship (percentage of plants surviving in 2007), dry matter yield per plant, and tillers per plant for the genotypes within each landscape position in a row were averaged for analysis. Landscape position (top, mid, or bottom slope) was treated as a fi xed eff ect in a strip plot. A combined analysis across sites was done on all data. A linear mixed models procedure (PROC MIXED in SAS Institute, 2003) was used to perform the analysis. Denominator degrees of freedom were calculated using the Satterthwaite option of MIXED analysis to determine appropriate degrees of freedom to test fi xed eff ects and interactions of fi xed eff ects. Data were checked for normality and transformed as necessary. Tiller and plant dry weight data were square root transformed and survivorship data were inverse transformed for analysis. Means were separated with the PDIFF option in SAS with a Bonferroni adjustment. Data are presented on the original scale, with table footnotes indicating when signifi cance tests were calculated on a transformed scale.
RESULTS AND DISCUSSION
The Maryland site had less sand and clay and more silt at the bottom of the slope than the top (Table 1) . Soil pH and extractable P were similar at top and bottom slope positions, whereas extractable K and soil organic matter were greater at the top than the bottom. At New York, soil was sandier and had less clay at the bottom than the top. Soil pH was greater at the top than the bottom, but P, K, and organic matter were slightly greater at the bottom. At Pennsylvania, soil was sandier and had less silt at the bottom than the top. Soil pH and K were similar across the slope, whereas P and organic matter were greater at the bottom than the top. The P and K levels at all sites were in the agronomic optimum range for introduced cool-season grasses.
Entry, landscape position, and the landscape × location interaction eff ects were signifi cant (p < 0.05) for survivorship, plant dry weight, and tiller data. The 9085141 population collected from plants in Pennsylvania (9085141P) had poorer survival than the commercial cultivar or ecotype ( Table 2 ). The average survivorship of the populations (71%) was similar to the survivorship of the two accessions in the 3-yr forage trial (74%; Sanderson et al., 2004a) . Survival of the checks, however, seemed to be poorer in the forage trial (56%) than in the current study (81%). Plots in the forage trial were harvested three times per year, which may have contributed to diff erences between trials in survival of the checks. Survival at (Fig. 4) . The rankings for dry matter yield, tillers per plant, and survival of the two accessions observed in the current study were the same in the forage evaluation trial (Sanderson et al., 2004a) . The average number of tillers per plant in the forage trial was 78 tillers for 9085141, 106 for 9051786, 78 for Omaha, and 66 for the PA ecotype. These values were 2.5 times greater than the average number of tillers per plant for the same accessions and checks in the current study. Dry matter yield and tiller numbers of the populations and checks were 50 to 60% less in the current study than when the plants were evaluated under 17.5 † Data are least squares means of four replicates, three landscape positions, and three sites. The letter following the original accession number refers to the site from which surviving individuals were collected from a previous study (Sanderson et al., 2004a) in 2004 to make up the population. M, Beltsville, MD; N, Big Flats, NY; P, Rock Springs, PA. Tiller and dry weight data were square root transformed for analysis. Survivorship data were inverse transformed for analysis. Signifi cance tests are based on the transformed data. Means are shown on the transformed scale and the original scale. Transformed means were compared with the PDIFF procedure in SAS with a Bonferroni adjustment. Means followed by different letters differ at p < 0.05). forage management with nitrogen fertilizer, weed control, and multiple harvests (Sanderson et al., 2004a) . Averaged across locations and landscape positions, survivorship of the accessions in this study was nearly the same as under forage management.
Soil at the Maryland site often was saturated, especially in the bottom slope position. Rainfall in June and September of 2006 was 13 to 21 cm above normal at Maryland (Table 3) Plants growing in frequently fl ooded or wet soils may have reduced root growth (along with root death and rotting) and waterlogged plants often are nutrient defi cient (Kramer and Boyer, 1995) . Some plant species adapt to wet soils by forming adventitious roots at the soil surface, by altering their internal aeration via aerenchyma tissue, and through changes in activity of enzymes that metabolize anaerobic byproducts (Kramer and Boyer, 1995) . We were not able to fi nd reports on the physiology of Virginia wildrye growing in wet soils. In a mesocosm study of 14 wetland plant species, survivorship of Virginia wildrye seedlings ranged from 60 to 100% when exposed to water depths of −6 to +6 cm (relative to the soil surface in a pot). Wildrye was among the top fi ve surviving species (along with Zizania aquatica L., Mimulus ringens L., Scirpus cyperinus (L.) Kunth, and Lythrum salicaria L.; Fraser and Karnezis, 2005) . In another pot study conducted in growth chambers, biomass of Virginia wildrye was progressively reduced with increasing water depth (Fraser and Miletti, 2008) .
Restorationists prefer to obtain locally adapted native plant germplasm for revegetation of native ecosystems (Apfelbaum et al., 1997) . Federal agencies strongly encourage the use of native species and locally adapted germplasm for restoration eff orts (Federal Register, 2008) . Our results indicate that native populations of Virginia wildrye in the northeastern United States performed as well as commercial seed of an improved cultivar from a distant geographic region and would be useful sources of locally adapted material for conservation and restoration eff orts.
CONCLUSIONS
Virginia wildrye tolerated wet soils at all sites and seasonal fl ooding at some sites during 3 yr. These data confi rm its classifi cation as a facultative wetland plant with medium tolerance to anaerobic conditions. Wildrye had moderate survival at bottom slope positions directly adjacent to a stream or ephemeral waterway; however, it was most vigorous and persistent at the top and mid slope positions. In most instances the wild populations of Virginia wildrye were similar to a commercial cultivar and ecotype in persistence and plant size indicating that native populations could be used directly in conservation plantings. borings at each site. Rob Mitchell, USDA-ARS, Lincoln, NE, and Mike Casler, USDA-ARS, Madison, WI, provided helpful reviews of an earlier version of this manuscript.
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